Abstract -Distribution factors, which are linear approximations of the sensitivities of the system variables for changes in the power injections or any events in the system, play an important role in the security analysis and market applications. Cascading faults, which are triggered by the overloading of lines due to a fault has been the major issue deteriorating the reliability of the power system thereby requiring measures to revert the power flow on overloaded lines. This paper proposes an algorithm, by utilizing the formulation of PTDFs and LODFs, to calculate the generation shifts so that the power flow on the transmission lines that violate security limits due to single and multiple-line outage events are adjusted to its security limits. This methodology is being tested on the IEEE New England 10-generator 39-bus system for effectiveness.
Introduction
The continual increase in the load has resulted in the operation of power system under stressed conditions where the transmission lines are operating near the security limit levels. Recent blackouts which have been caused due to the cascading faults have been a major concern in modern power systems thereby bringing out the necessity to evaluate the distribution factors such as the power transfer distribution factors and line outage distribution factors under single and multiple-line outages for power system security studies. The power distribution factor, which is based on the dc power flow method, is possibly the only allocation technique used for allocating MW flows on the lines for power transaction in the system. This distribution factor is the relative change in the power flow on a particular line due to an injection and withdrawal of power on a pair of buses [1, 2] . Line outage distribution factors are linear estimates of the change in flow on adjacent lines when transmission lines are lost and are normally applied for checking overloads on the lines following the fault [3] . This paper combines the two distribution factors by using an algorithm to redistribute the power flow in the system thereby controlling the line flow on highly stressed lines during single or multiple-line outages on the power system. This paper uses the MATLAB software to build the application where an algorithm is being used to suppress the overloading on a line following a single-line and multiline fault or during a heavy load condition. This program is being applied on the New England 10-generator 39-bus system.
Power Transfer Distribution Factors (PTDFs) and Line Outage Distribution Factors (LODFs)
When there is a single-fault or a multi-fault that occurs in the system, the power is being shifted to the adjacent transmission lines. This normally results in unfavorable operation conditions where the transmission lines are being overloaded ie. transferring power above its capacity limit thereby resulting cascading faults. In order to avoid such a situation, the overloaded lines need to be relieved from the extra load. A security analysis study must be executed very quickly in order for it to be of any use to the operators. This is where the computation of the distribution factors such as the power transfer distribution factors and line outage distribution factors are required. These factors, which are based on the DC power flow method, provide approximate but quick solutions for the change in the power injections in the system.
In order to observe the effect of the line outage, the line outage distribution factors are being assessed. This factor is being computed using the injection shift factors (ISFs), which are the building blocks of the other distribution factors [3] . To shift the extra power being transferred on the adjacent transmission lines, the power transfer distribution factors are being computed. The advantage of these distribution factors is that since it is linear, quick computation is enabled and is therefore widely used in security studies [2] . Also, since it is linear, superposition is possible where different transactions can be superimposed onto each other.
These factors however vary with the change in the topology, when an outage occurs and when there are change in the loadings on the lines in the system [4] . This would require a formulation of the factors so that we would be able to compute these factors at any loading conditions. The formulation of the PTDFs and LODFs is being described in the next sub-section.
PTDF and LODF matrix formulation
A DC power model for the power system is being formulated where the conditions are being assumed [5] : 1) All the voltages are considered to have a 1 p.u. agnitude. 2) Line resistance is neglected since it is small compared to line reactance. The shunt reactance is being omitted. 3) Reactive power flow is disregarded. This would require the angle value of the 'from' and 'to' buses which is obtained from (2) .
However, this would require the calculation of the inverse of B for every variation in loading. To facilitate this process, (3) which is being derived in [6] is being utilized.
In order to use this formulation, the B matrix must be composed. Since the line resistance is being neglected the Y matrix is being transformed into the B matrix where the offdiagonal terms B ij and diagonal terms B ii are being formulated by (4) and (5) respectively. To the inverse of the B matrix, at the n th bus, which is the slack bus, a zero entry is being inserted for the n th row and column (X matrix). The PTDF matrix is being formulated by (6) .
where B br is a nline by nline dimensional diagonal matrix where the line reactance values are the diagonal entries and A, is the nline by nbus dimensional the branch incidence matrix where 1 and -1 stand for the 'for bus' and 'to bus' respectively. (6) is the matrix formulation of (3) which is being utilized in the application developed.
In order to compute the line flow on each transmission line, the PTDF matrix is being multiplied by the power injection matrix as seen in (7).
where P inj is the vector of the power injected minus the power consumed at the corresponding bus.
The convenience of this formulation is that we just need to change the power injection and withdrawal values in the power injection matrix which would enable the user to compute the PTDFs for any variation in the loading of the system. For a column j in the PTDF matrix, which corresponds to bus j, displays the distribution of the power on each line for a 1p.u, increase in a power injection on bus j and a corresponding withdrawal from the slack bus. As seen in (8), to compute the PTDFs for an injection in bus i and a corresponding withdrawal in bus j (a bus other than the slack bus), we just need to subtract the j th column from the i th column. The computation of the LODFs is simply done by deleting the line from the B matrix, inverting the matrix and calculating the PTDF matrix. The procedure for the computation of the distribution factors and adjustment of line flows, ie. the generation shifts, are being shown in Fig. 1. Fig. 1 . PTDF computation and generation shift algorithm.
Adjustment of Line Flow
For the case when the transmission lines surpass the security limits, the power flow on these lines needs to be curtailed. In order to do this, for normal conditions when there is an increase in the loading of the system, the formulated PTDF matrix is being used. For the single or multi-line case, the LODF matrix is being utilized. When there is a violation in the security limits of the transmission line, generation needs to be shifted in order to reduce the line flow on these lines. This is resolved by manipulating the PTDF and LODF matrix entries. The set of generators, for a shift in power from generator 'i' to 'j', the maximum PTDF value is being selected which means minimum generation shift is required to bring back the line flow under secure values. If the flow on the overloaded line is negative, then the a positive maximum PTDF value is being selected and vice versa.
Case Studies
In this paper, to assess the PTDF and LODF computation, the IEEE New England 10-generator 39-bus system shown in Fig. 2 is being utilized. There are two case studies that are being executed: 1) Case 1: The generation and loads are being increased by 5% in order to create a situation where there are overloads in the overhead lines. 2) Case 2: A single-line outage is present in the system. This would result in the change in power flow on adjacent lines leading to overloading of a few lines. One assumption is being made for the case studies that all the lines have the same normal limit of 5 p.u.. The emergency limit is considered to be 5.75 p.u. (115%) since it is normally around 15% more than the normal limit [1] . Fig. 2 . New England 10-generator 39-bus system.
Case I: Generation and Load increased by 5%
In the first case, the total generation and load in the New England system is being increased with the same proportion by 5%. Table 1 shows the three transmission lines that are heavily loaded. Generation needs to be shifted in order for the power flow in Line 21-22 to recover to its secure limits. However, even though line 5-6 and line 16-19 are operating under stable limits, the flow needs to be suppressed.
For the overloaded line, the biggest PTDF values obtained from the generation shift for two pairs of generators are being selected. From Table 2 , we can see that we get the biggest PTDF values (64.744%) for a shift from generators 30 and 31 to 35. Table 4 shows the change in line flow after the generator shift is being defined in Table 3 . From Table 5 , we can also see that the total power loss in the system also decreases owing to this shift of generation. 
Case II: Single Line Outage
The same procedure is being performed for Case II. The only difference is that a single-line fault is being applied on the line 5-6 and that the LODF matrix is being computed. Similar to the previous case, generation is shifted from bus 31 to 39 in order to decrease the power flow in line 6-7 under the emergency limit. The generation shift results in a reduction of the total power loss in system as shown in Table 10 .
Conclusion
This paper formulates the PTDFs and LODFs and manipulates the matrices in order to find an optimal generation shift to relieve the overloaded transmission lines. Two cases have been dealt with in order to test for the effectiveness of the formulation and the algorithm proposed in the paper. Future work needs to be done to find the optimal combination solution on the basis of the idea presented in the paper in order to minimize the generation shift while maximizing the effect due to the generation shift derived from the PTDF formulation by introducing constraints such as ramp constraints. Further development from this application would provide the building blocks for developing a mathematical model for an optimal load shedding scheme for severe contingency cases.
